shows the degree of reorientation of Coumarin 6 as a function of polymer expansion. These data demonstrate that after about 300% expansion no significant further re-orientation could be observed for Coumarin 6 in PVA.
We decided to use the pair Coumarin 1 as donor and Coumarin 6 as acceptor for the proof-of principle since Coumarin 6 has a high emission quantum yield, is significantly aligned during expansion, has a perfect spectral overlap for energy transfer with Coumarin 1 and because Coumarin 1 basically keeps a random orientation during expansion.
In a next step we screened a multitude of donor-acceptor concentrations and ratios in PVA. For each concentration and ratio value we determined the absorptivity at the donor excitation wavelength, the absolute intensity emitted by the acceptors and the change in Iǁ/I⊥ during polymer expansion and observed after donor excitation. We decided to use for in Figure 2 and 3 in the main manuscript the concentrations corresponding to ~17 mM Coumarin 1 and ~1.9 mM aligned Coumarin 6 in the stretched foils. Using these concentrations we observed well aligned acceptors, high energy transfer efficiencies, high absorption at the donor excitation wavelength and little reabsorption at acceptor emission wavelengths.
Supplementary Note 2
Angle dependent direct power measurements (Photo goniometer)
As described in the methods section, the foils were directly attached to a glass hemisphere for the direct power measurements ( Re-direction quantum efficiency
The data in Supplementary Figure 2 allows determining the fraction of photons emitted from aligned acceptors within an angle range suitable for total internal reflection wave guiding. Typically, the refractive index of transparent polymers such as PMMA or glasses is on the order of 1.5 but materials with indices of 1.9 or even higher exist as well. For such materials total reflection occurs at angles smaller than 90°-arcsin(1/n) = 48° or 58° at the surface with air, respectively.
Supplementary Figure 2 and Supplementary Table 2 directly shows the measured powers at various angles with respect to the aligned acceptors (Figure 2 a) . The angle range for total reflection corresponds to the data detected at angles of ~40°-140° and 30°-150° for refractive indices of 1.5 and 1.9, respectively (see also Figure 2 b-f). Supplementary and the powers weighed by these factors (column 4).
The weighed photon fractions of the three distributions i,ii and iii demonstrate that 88%, 90% and 96% fall into an angle range suitable for total reflection wave guiding in materials with a refractive index of 1.5 and 94%, 96% and 99% fall into an angle range for materials with a refractive index of 1.9, respectively (Supplementary Table 2 ). The range suitable for total reflection wave guiding in materials with a refractive index of 1.5 is indicated by the red areas in the two-dimensional representation in Figure 2 f.
Supplementary Note 3 Estimate of energy transfer efficiency by calculations of the Förster Energy transfer rate and Förster Radius
A common way to estimate energy transfer efficiencies is to calculate the energy transfer rates, kET, and Förster distances, R0, directly from the donor and acceptor spectra as well as distances. The
Förster distance is the distance for a given pair of donor acceptor molecules at which 50% efficient energy transfer occurs. It can be calculated from easily accessible experimental data using the following equation When the actual donor-acceptor distance, r, is known the quantum efficiency of energy transfer, Φ , can be calculated using
Assuming equal distances between the donor molecules a concentration of C = 17 mM correspond to an interval between the donors of r~1/ √ = 4.6 nm. Thus, the center to center distance of additionally added acceptor molecule to its nearest donor is, regardless of the acceptor concentration, on the order of half that value, i.e. ~2.3 nm. Considering the dimensions of Coumarin 1 and Coumarin 6 this corresponds already to an inter-pigment distance on the order of only about 1.5 nm. Thus also other energy transfer mechanisms might not be negligible that occur for overlapping electronic wave function. A more precise determination would also need to take into account that for non-equally distributed molecules the average distance of acceptors to their nearest donors is smaller than average donor-acceptor distance. In any case, the distances are significantly smaller than the Förster Radius and can be optimized by varying donor-acceptor concentrations and ratios. A nearest donor-acceptor distance of ~2.3 nm, for example, corresponds to an energy transfer quantum yield of 99% (eq. 3).
The rate of the energy transfer can be calculated from the following equation:
Using for the donor lifetime the value = 3 ns , for = 1.51 and again an orientation factor for random orientations, = , eq. 5 yields for a nearest donor-acceptor distance of 2.3 nm a rate of kET = 3.23•10 10 s -1 . This corresponds to a time constant of 31 ps, which is in very good agreement with the fastest, experimentally observed value (see below). This further confirms efficient energy transfer as observed in the absolute power measurements.
Supplementary Note 4
Combined energy transfer and fluorescence quantum efficiency and reabsorption determined from angle dependent absolute power measurements and absorption spectroscopy
When determining the absolute irradiation and re-emitting powers directly at the samples further factors such as absorption by the glass-hemisphere, the absolute absorption by the sample itself and the transmission of the detection filter have to be considered. The optical density for the full optical path length through the hemi sphere showed that it transmits T375nm = 83% of the excitation light at 375 nm (Supplementary Figure 5) . This value already contains about 4% reflection losses at the air / glass transition as the glass hemi sphere was not coated with an anti-reflex coating.
In addition, Supplementary Figure 6 shows the absorption measurement of a single polymer foil with aligned acceptors and measured at 90° incident angle. However, for an incident angle of 20°, as used for detecting the emission anisotropy measurements in Figure = 43.6% in the spectral emission range of the acceptor (Figure 3a) . Here, (λ) , is the emission spectrum of the acceptor and, (λ), the transmission spectrum of the used filter (Figure 3 a) . In addition, the optical density for the full optical path length through the hemi sphere demonstrates transmission of T520nm = 90% at a detection wavelength at 520 nm (Supplementary Figure 5) . Again, this value already contains reflection losses at the glass/air transition. Finally, a detected photon at 520 nm has only Photonenergy = 375 nm/520nm = 72,11% of the energy of a 375 nm excitation photon. Thus, for a combined energy transfer and fluorescence quantum yield of 100% one would expect to detect on average a power of 
Supplementary Note 5
Energy transfer efficiency assessed from experimentally observed energy transfer rates.
In the experimental pump-probe experiments rise time constants in the acceptor spectral region of 20 ps and ~200 ps were observed upon donor excitation. No such rise was observed in identical measurements using acceptor only. The first value is on a similar order as the fast time constant polarization properties of the sample. It has also to be considered that the foils needs to be oriented with some angle, e.g. 45°, in the excitation and detection beams in the fluorescence spectrometer while they are oriented in 90° in the absorption spectrometer. Therefore, we believe that the direct power measurements described above give a more accurate read-out for the combined energy transfer and acceptor fluorescence quantum efficiency. Nevertheless, when using no polarizing element in the excitation and detection path of the fluorescence spectrometer as well as absorption spectrometer a comparison of the spectra still indicates energy transfer quantum efficiencies of at least 80% for the foils with aligned acceptors (Supplementary Figure 7 b ). Here, the procedure described in Gutierrez et al. 1 was used. Please note that in the case of highly concentrated samples not the measured absorbance (Supplementary Figure 6) can be used for that comparison but rather the absorptance, which is linearly related to the fraction of absorbed light (Supplementary Figure 7 b) 1 . The absorptance can be directly calculated from the absorbance 1 . We also note, that the calculated quantum efficiency upon excitation in spectral ranges 300 nm, which has increasing contributions from direct acceptor absorption, is decreasing instead of increasing. As direct excitation of acceptor should rather result in 100% efficiency values this observation further supports the assumption that efficiencies determined by direct power measurements are more accurate. A more precise polarization sensitive comparison of excitation spectra with absorption spectra will subject of future studies.
Supplementary Note 7
Summary and Re-absorption losses after multiple foil transits 
